In our evolutionary population synthesis models, the samples of binaries are reproduced by the 'patched' Monte Carlo simulation and the stellar masses, integrated J, H, K, L, L2 and M magnitudes, mass-to-light ratios and broad colours involving infrared bands are presented, for an extensive set of instantaneous-burst binary stellar populations. In addition, the fluctuations in the integrated colours, which have been given by Zhang et al. (2005a), are reduced.
INTRODUCTION
In previous papers (Zhang et al. 2005a,b; Zhang & Li 2006) we took into account binary interactions (BIs) in evolutionary population synthesis (EPS) models, presented the integrated U − B, B − V , V − R and R − I colours, the integrated spectral energy distributions (ISEDs) and Lick/IDS spectral absorption feature indices for binary stellar populations (BSPs) with and without BIs, while did not give the infrared (IR) magnitudes and colours involving IR passbands (such as, V − K, J − H and J − K colours) because larger fluctuations caused by Monte Carlo simulation exist.
For populations of age τ > ∼ 1 Gyr, J, H and K magnitudes are mainly dominated by cooler stars, i.e., by giant branch (GB) and asymptotic giant branch (AGB) stars, while the lifetime of these stars is relatively short, this causes that the number of stars on these evolutionary stages pro-⋆ E-mail: gssephd@public.km.yn.cn; zhang fh@hotmail.com duced by Monte Carlo simulation is relatively small, and the fluctuations in the results involving IR passbands are large. However, the results in IR bands are very important in EPS models. Firstly, IR light can reflect the metallicity of populations because that the metallicity effect on GB and AGB stages is very significant, the colours involving IR and visible bands (U , B and V magnitudes are better candidates determining the age of populations), for example, V − K, are the candidates of breaking the degeneration between age and metallicity. Moreover, the IR results can affect the determination of the galaxy mass derived from the correlation between colours and stellar mass-to-light ratios, further affect the studies of galaxy evolution. Rettura et al. (2006) have ever used multiband photometry to derive the stellar masses of early-type galaxies, then compared them with their dynamical masses and obtained the relevance of the dark matter component of early-type galaxies as a function of the total mass.
In this paper we adopt the so-called 'patched' Monte Carlo simulation to produce the samples of binaries in BSPs (see Sect. 2) and present the stellar masses, integrated IR magnitudes, mass-to-light ratios and colours for BSPs. The results presented in this paper are very similar to those calculated from the BSPs composed of 2.5 × 10 7 binaries, the fluctuations in our previous results, which are calculated from the samples of 1 × 10 6 binaries, are largely reduced. Using the 'patched' Monte Carlo simulation the number of binaries calculated is largely decreased, and the calculation efficiency is largely increased.
Our EPS models use Hurley's single stellar evolution (SSE) and binary stellar evolution (BSE) codes (Hurley, Pols & Tout 2000; Hurley, Tout & Pols 2002) , which include the thermally pulsing AGB (TPAGB) stars but it is in a simple approach. Recently, several EPS models (Bruzual 2007, hereafter B07; Maraston 2005 , hereafter M05) also included TPAGB stars because M05 and Marigo (2007) found that AGB stars are important contributors to the integrated bolometric and near-IR luminosities with a maximum located at an age of ∼ 1 Gyr, accounting for ∼ 40-80% of the total clulster's luminosity, especially, B07 found that TPAGB stars contribute to ∼ 70% of the K-light. The different treatment of the TPAGB stars is a source of major discrepancy in the determination of the spectroscopic age and mass of high-z (1.4 < z < 2.7) galaxies (Maraston et al. 2006) . For those galaxies observed by Spitzer, their mid-UV spectra indicate that their ages are in the range of 0.2-2 Gyr, at which the contribution of TPAGB stars in the rest-frame near-IR is expected to be at maximum (B07), therefore, the inclusion of TPAGB stars also plays a key role in the interpretation of the Spitzer data. In this work we also compare our model results with theirs.
In our EPS models we assume that all stars are born in binaries and born at the same time, i.e., an instantaneous BSP. To investigate the effect of BIs on the results, we perform two sets of calculations: one includes all BIs, we call Model A; another neglects BIs, we call Model B. Models A and B have the same binary sample. A full model description and algorithm are given in Zhang et al. (2005a) , we refer the interested reader to part 2 for them.
The outline of the paper is as follows: we describe the method used to reduce the fluctuations in EPS models, and compare the new results with the old ones in Section 2; our results and the comparisons with literature and observations are presented in Section 3; and then finally, in Section 4, we give our conclusions.
REDUCTION OF THE FLUCTUATIONS
For the sake of clarity, we call the results calculated from the samples of 1 × 10 6 binaries in BSPs old one, the results presented in this paper new one.
Method of reducing the fluctuations
To reduce the fluctuations in the results in IR passbands, we need to increase the number of binary systems in BSPs by Monte Carlo simulation. One method is to increase directly the number of binary systems, this will increase the consumption of calculation-time. Another method is to only increase the number of some binary systems on the basis of the original samples, for which the contribution to IR light is larger and the number is smaller. Because these binary systems always locate within the specific ranges of initial input parameters (e.g., the primary mass m1, the secondary mass m2 and orbital separation a), so it is called 'patched' Monte Carlo simulation method.
In this paper we adopt the second method. In order that this method can be understood easily, we take the integrated K-luminosity (LK) as example to explain what is the 'patched' Monte Carlo simulation method and how to get the results:
• First, we use Monte Carlo Simulation method to produce 1 × 10 6 binaries, then, evolve them and obtain the integrated K-luminosity (LK,0 =
LK,i, i.e., the old result) by adding the K-luminosity of all stars in this sample (the same procedure as in our original papers);
• Second, determine which stars have larger contribution to K-light and the number is smaller, these factors lead to the fluctuations in the results involving K-band, from the sample of 1 × 10 6 binaries; • Third, according to the results of binary evolution, de- termine the initial input parameter ranges ('patched' regions) spanned by these binaries (determined from the second step). For Models A and B the 'patched' ranges in the initial input parameter spaces are different;
• Forth, obtain the integrated K-luminosity for those stars in the 'patched' regions (LK,p,0) from the sample of 1 × 10 6 binaries; • Fifth, obtain the 'patched' sample of binaries, for which initial input parameters locate within the 'patched' regions, from the sample of N/10 6 binaries, then evolve them and obtain their integrated K-luminosity (LK,p,2);
• At last, obtain the new K-luminosity by using the following formula:
The 'patched' Monte Carlo simulation method is the sum of the first and fifth steps.
As an illustration of the second step in the above procedure, in Fig. 1 we give the isochrone and the contribution of stars along the isochrone to K-band light (note the real contribution should to be 10 (−0.4·K) ) for solarmetallicity 1-Gyr BSPs without BIs (Model B). In left panel various abbreviations are used to denote the evolutionary phases. They are as follows: 'MS' stands for mainsequence stars, which are divided into two phases to distinguish deeply or fully convective low-mass stars (m < ∼ 0.7M ⊙ , therefore Low-MS) and stars of higher mass with little or no convective envelope (m > ∼ 0.7M ⊙ ); 'HG' stands for Hertzsprung gap; 'CHeB' stands for core helium burning; 'EAGB' stands for early AGB; 'PEAGB' (post EAGB) refers to those phases beyond the 'EAGB'-including thermally pulsing giant branch/protoplanetary nebula/planetary nebula(TPAGB/PPN/PN). In right panel of Fig. 1 two solid rectangles correspond to the GB stars with log(L/L ⊙ ) ≃ 2.0 and the GB stars on the tip, respectively. From it we see that K-band light is dominated by cooler and luminous GB and AGB stars. Also is true for Model A.
Comparison with the old results
Because that GB, EAGB and PEAGB stars with log(L/L ⊙ ) > ∼ 2.0 are those stars for which the number are needed to increase to deduce the fluctuations in the IR bands (see above). In Fig. 2 we give the comparison of the distribution of these stars in Hertzprung-Russel (HR) diagram between old and new versions for Model A. The age τ = 10 Gyr and metallicity Z = 0.0001 and 0.02. From it we see the number of these stars increases significantly. This will lead to the reduction of the fluctuations in the results in IR bands.
In Fig. 3 we present the old and new evolutionary curves of J, H, K, L, L2 and M magnitudes for Model A. The metallicity Z = 0.03, 0.01 and 0.0001. It shows that the fluctuations caused by Monte Carlo simulation are significantly reduced. Moreover, U, B, V, R and I magnitudes have been slightly improved because only slight fluctuations exist in the old results (only at Z = 0.0001 and late ages).
Moreover, those colours involving J, H, K, L, L2 and M magnitudes, such as V − K, also are improved. In Fig. 4 we compare the new V − I and V − K colours with the old ones for Model A. The metallicity Z = 0.03, 0.02, 0.01, 0.004, 0.001, 0.0003 and 0.0001.
Other needed to mention is the results of Model B have been improved.
RESULTS AND COMPARISONS WITH LITERATURE AND OBSERVATIONS
In this paper we present the new stellar masses, bolometric magnitude, U, B, V, R, I, J, H, K, L, L2, M magnitudes, the stellar mass-to-light ratios and broad-band colours for Models A and B. The ages of BSPs are in the range of 1 − 15 Gyr and metallicity Z = 0.0001, 0.0003, 0.001, 0.004, 0.01, 0.02 and 0.03. The data of Model A are given in Appendix. For completeness, we also obtain the results of BSPs at a logarithmic age interval of 0.05 in the age range 5 ≤ log(τ /yr) ≤ 9. This part of data is calculated from the samples of 2 × 10 7 binaries, and can be obtained by ftp from our website or require from the first author. B ), the difference in the m ⋆ between Models A and B, decreases with Z, at Z = 0.0001 it reaches ∼ 4.5 per cent at an age of τ = 15 Gyr (see Fig. 7 ). Comparing with the difference caused by metallicity (∼ 3% at the most), the discrepancy caused by BIs is even greater. In our work we constrain Model A holds the same binary samples as Model B, so the effect of the diffenence in the samples is rejected. The lower m ⋆ of Model A is caused mainly by more mass loss ejected to inter-stellar material (ISM) from binary systems via type Ia supernovae explosion (leave nothing) and common-envelope ejection. Also, BIs can make the lifetime of some components in binary systems shorter, so they earlier evolve to remnants.
Stellar mass
In both panels of Fig. 5 we also give the values of BC03 with the Salpeter (1955) and Chabrier (2003) IMFs (therefore BC03-S & BC03-C) and M05 with the Salpeter (1955) and Kroupa (2001) IMFs (therefore M05-S & M05-K) at solar metallicity. From the comparison we see that at solar metallicity the stellar masses of Models A and B are lower than those of BC03-S and M05-S, while greater than that of BC03-C at all ages. For M05-K, it is greater than that of Model A at all ages, while greater than that of Model B only at age τ ≥ 6 Gyr (within the amount of 2%). This is mainly caused by the differences in the adoption of the mass loss in stellar evolutionary models, initial mass function (IMF) and the differences in stellar evolutionary parameters (such as, lifetime). The stellar evolutionary model used by each EPS model adopts different mass loss. In our work the IMF of the primary is chosen from the approximation to the IMF of Miller & Scalo (1979) as given by Eggleton, Fitchett & Tout (1989) , the initial mass ratio distribution takes an uniform form; BC03 use the Salpeter (φ(logm) = C·m 1−α , α = 2.35) and Chabrier IMFs
in which mc = 0.08, σ = 0.69, C1 = 0.851 and C2 = 0.238; M05 use the Salpeter and Kroupa IMFs, which is described as:
in which C1,K = 0.449 and C2,K = 0.224. In Fig. 8 we plot four of the IMFs, from it we see that the IMF used in our work has a relatively high fraction of massive stars than the Salpeter, Chabrier and Kroupa IMFs.
Magnitudes

Bolometric magnitude
The bolometric magnitude BOL increases with age and metallicity for both Models A and B because the luminosity of populations decreases with age and metallicity. At age τ ≥ 5 Gyr the discrepancy in BOL among Z = 0.0001, 0.0003 and 0.001 is smaller, at age τ < 5 Gyr the discrepancy between Z = 0.0001 and 0.0003 becomes to be insignificant. In top left panel of Fig. 9 we only present the bolometric magnitude BOL at Z = 0.02, 0.004 and 0.0001 for Models A and B for the aim of clarity.
Comparing with Model B, Model A has larger BOL at all metallicities and ages, therefore lower bolometric luminosity LBOL. The discrepancy in BOL between Models A and B, ∆BOL (≡ BOLA − BOLB), increases with age and is independent of metallicity (top left panel of Fig. 10 ). That is to say, the ratio of the bolometric flux of Model A to B (FBOL,A/FBOL,B ≡ 10 −0.4∆BOL ), decreases with age and independent of metallicity. The difference ∆BOL ranges from ∼ 0.07 to 0.16 mag, and the ratio of the bolometric flux (FBOL,A/FBOL,B) ranges from ∼ 0.93 to 0.87 on average. Lower luminosity of Model A and the increase of ∆BOL with age are partly caused by that BIs make some components in binary systems fainter or evolve earlier to remnants.
Comparing with BC03 (see top left panel of Fig. 9 ), Models A and B have lower BOL and larger LBOL at solar metallicity. This is partly due to the warmer GBs than those of the pavoda models which used by BC03 (Fig. 11) , other magnitudes are similar to the corresponding ones at solar metallicity.
Comparing with M05 (see top left panel of Fig. 9 ), Models A and B also have lower BOL at solar metallicity. From Fig. 11 we see that GB stars in M05 models have higher temperature than those of us at solar metallicity, but the number of these stars is smaller than ours. For populations of age 1 ≤ τ ≤ 15 Gyr, the mass of stars on GB stage ranges from ∼ 2.125 to 0.949 M ⊙ at solar metallicity, from Fig. 8 we we see the number of these stars in M05 models is smaller than that in our models.
Other magnitudes
In general, U, B, V, R, I, J, H, K, L, L2 and M magnitudes increase with age. Their variation with metallicity accords to the following rule: in the blue end U, B, V magnitudes increase significantly with metallicity (called U-type), R and I magnitudes also increase with metallicity, but insignificant for Z < 0.0003 at all ages, τ > 10 Gyr for R and τ > 6 Gyr for I magnitudes at Z < 0.001 (called R-type); in the red end M magnitude decreases with metallicity (called M-type); in the J, H, K, L, L2 passbands, the magnitude curves transit gradually from R-type to M-type with increasing wavelength (called J-type). For the sake of it size and clarity, in Fig. 9 we only give U, B, V, R, J, K and M magnitudes except for BOL for Models A and B only at Z = 0.02, 0.004 and 0.0001.
The difference in X(= U, B, ..., M ) magnitude between Models A and B, ∆X (= XA − XB), is positive at all metallicities and ages except that in U magnitude at age τ ≤ 3 Gyr and Z ≥ 0.01, this means that the ratio of the integrated flux in X passband (fX,A/fX,B = 10 −0.4·∆X ) is less than 1, while in the U passband it is greater than 1 at age τ ≤ 3 Gyr and Z ≥ 0.01. For the sake of its size, in Fig. 10 we only give ∆U, ∆B, ∆V, ∆R and ∆I except for ∆BOL at Z = 0.0001, 0.003, 0.001, 0.004, 0.01, 0.02 and 0.03. From Fig. 10 we see that ∆U , ∆B and ∆V increase with age, at Z ≤ 0.004 decrease with Z while at Z > 0.004 increase with Z (similar to the variation of m ⋆ with metallicity), i.e., the ratios of the U -, B-and V -flux of Model A to B (fX,A/fX,B) decrease with age, increase with Z at low metallicities while decrease with Z at high metallicities. The lower flux ratio at late ages and low metallicities is because U -, B-, V -light is mainly dominated by MS stars, from Fig. 11 we see that at low metallicities and late ages the number of luminous MS stars trends to decrease. From Fig. 10 we also see that ∆R and ∆I increase with age (only significant at high metallicities) and decrease with Z at age τ ≤ 10 Gyr, this is because that R-and I-light is partly contributed by GB stars, at low metallicities and late ages the temperature range spanned by GB stars is narrow (see Fig. 2 ), the difference in the distribution of GB stars in HR diagram caused by the differences in age and metallicity is small, so the discrepancies in R and I magnitudes between Models A and B are insignificant. The differences ∆J, ∆H, ∆K, ∆L and ∆M are independent of age and metallicity (range from ∼ 0.1 to 0.2 mag, at high metallicity they increase with age). If sensitive parameter ∆X/(dτ /τ ) ∆X/(dZ/Z) (X = U, B, ..., M ) is greater than 1, X magnitude is sensitive to the metallicity of populations (Worthey 1994) . From Fig. 10 we see that BIs make V magnitude less sensitive to age, R and I magnitudes more sensitive to metallicity.
In Fig. 9 we also give the U, B, V, R, J and K magnitudes of BC03-S, BC03-C, M05-S and M05-K at solar metallicity. Note that BC03 used Busers' system for U, B(B3) and V ; Cousins' system for R (Bessell 1983 ) and 2MASS system for J and K magnitudes. By comparison we find that U, B, V, R, J and K magnitudes of BC03-S, BC03-C, M05-S and M05-K are greater than the corresponding ones of Models A and B at solar metallicity. The results of M05-K are the closest to ours.
Mass-to-light ratios
In this part we present the stellar mass-to-light ratios for various light. Firstly, the ratio of stellar mass to bolometric luminosity log(m ⋆ /LBOL) increases with age and metallicity. At age τ ≥ 5 Gyr the difference among Z = 0.0001, 0.0003 and 0.001 is smaller, at age τ < 5 Gyr the discrepancy between Z = 0.0001 and 0.0003 becomes to be insignificant. For the sake of clarity, in the top left panel of Fig. 12 we give them only at Z = 0.02, 0.004 and 0.0001. The log(m ⋆ /LBOL) increases with age and metallicity means that less light can be emitted by a given mass with increasing age and metallicity. The ratio of stellar mass to the luminosity in X passband (log(m ⋆ /LX ), X = U, B, .., M ) also increases with age, and the variation with metallicity is similar to that of X magnitude, i.e., satisfies U-, R-, J-type to M-type with increasing wavelength. For the sake of its size and clarity, in Fig. 12 we give them only at Z = 0.02, 0.004 and 0.0001 . From it we see that all colours increase with age and metallicity for Models A and B.
In Fig. 15 we give the differences in these colours between Models A and B for BSPs at Z = 0.0001, 0.0003, 0.001, 0.004, 0.01, 0.02 and 0.03. From it we see that BIs make the BSPs bluer (smaller) for all metallicities and ages. The absolute value of the difference in the U − B colour between Models A and B, ∆(U − B) (≡ (U − B)A − (U − B)B), is independent of age and metallicity; The absolute values of ∆(B − V ), ∆(V − R), ∆(V − I), ∆(R − I), ∆(V − K) and ∆(I − K) decrease with age at low metallicities, their variation with metallicity also has an turnoff, increase until Z ∼ 0.01 then decrease with metallicity; The absolute values of ∆(H − K) and ∆(J − K) decrease with age at low metallicities and are independent of metallicity.
In Fig. 14 we also give the results of BC03-S, BC03-C, M05-S and M05-K at solar metallicity, especially in the V − K diagram the results of B07 are given at solar metallicity. U, B, V, R, J and K filters used by BC03 have been described in Sect. 3.2.2, I and H filters used by BC03 are in Cousins' (Bessell 1983 ) and 2MASS system, respectively. Different from the above description, Busers' B3 filter is used for B − V colour of BC03. We see that the differences in those colours involving IR passbands are larger, this differences are partly caused by the difference of the filter definition used by each models. Using the J, H and K definition in different systems (2MASS; Johnson-Cousins; IR filter+Palomar 200 IR detectors+atmosphere) we have transformed the ISEDs of BC03 to J, H and K magnitudes at solar metallicity. By comparison we find that the differences in the filter definition can cause to the discrepancies of ∼ 0.03, 0.04 and 0.05 mag in J, H and K magnitudes, this will lead to significant differences in J −H, H −K and J −K colours because from Fig. 14 we see that at solar metallicity the variation of J − H, H − K and J − K colours from 3 to 15 Gyr only is ∼ 0.04|0.04, 0.02|0.03 and 0.04|0.08 mag for BC03 and M05 models. Moreover, both the difference of the distribution of cooler stars in HR diagram, which caused by the different stellar evolutionary models and the different treatment of TPAGB stars, and the difference in the spectral libraries cause to the differences in those colours involving IR passbands. so great progresses in stellar evolutionary models and spectral libraries are needed. And, it must be cautious when only IR results are used.
Colour-Age relations by comparing with Magellanic
Cloud and NGC 7252
Combining the results for BSPs of age τ < 1 Gyr, which are presented in our website or request from the first author, we compare our model results with Magellanic Cloud (MC) GCs with the type of Searale, Wilkinson & Bagnuolo (1980, hereafter SWB) Persson et al. (1983) or from Schlegel, Finkbeiner & Davis (1998) . The data of young star clusters in the merger remnant galaxy NGC 7252 are from Miller et al. (1997) and Maraston et al. (2001) .
From Fig. 16 , we see that Models A and B agree with those of BC03-S and BC03-C (two lines overlap), the curves of M05-S and M05-C underlie those of Models A and B in the 0.2 < B − V < 0.45 and 0.3 < B − V < 0.5 ranges, respectively (correspond to the age of 1 − 3 × 10 8 yr), while during the following epoch lie above those of Models A and B, BC03-S and BC03-C. Arrows mark the values of M05-S and M05-K at an age of 0.3 Gyr. It seems that the BC03-S, BC03-C, Models A and B agree with the observations in (B − V ).vs.(U − B) diagram. From Fig. 17 , we see that larger discrepancies exist among models. The curve of B07 models lies above that of BC03 by the amount of ∼ 0.5 mag (different Z); the trend of BC03-S, BC03-C, B07, Models A and B is similar and less steeper than those of M05-S and M05-K in the range of 0.28 < B − V < 0.6 and 0.42 < B − V < 0.6 ranges, respectively. In the range of 0.6 < B − V < 0.8 B07 seems to be able to explain the redder MW GCs (correspond to the SWB type 5 and 6) but the age range is narrow.
Colour-Metallicity relations by comparing with Milky Way
Milky Way GCs span a wide range of metallicities, but have the nearly same age, so are ideal to calibrate the synthetic colours/metallicity relations (M05). We compare our model results with those of BC03-S, BC03-C, M05-S, M05-K and the Galactic GCs in colour-metallicity diagrams (Fig. 18 ). All models have the same age τ = 13 Gyr. For the Galactic GCs, as in Barmby & Huchra (2000) , we obtain optical colours, metallicity and reddening E(B-V) from the 2003 version of the Harris catalogue (1996) and IR colours from Frogel, Persson & Cohen (1980) , as reported in Brodie & Huchra (1990) . The cluster's colours are dereddened by using the values of E(B-V) given in the catalogue instead of the reddening correction applied by Brodie & Huchra (1990) and the extinction curve of Cardelli, Clayton & Mathis (1989) for Rv = 3.1.
From Fig. 18 we see that in (V − R)-[Fe/H] diagram larger discrepancy exists among these models, the values of Models A and B are lower than those of BC03-S, BC03-C, M05-S and M05-K, it seems that Model B matches the observations better than Model A, BC03-S, BC03-C, M05-S and M05-K. The U − B colour of all models is lower than that of observations at high metallicities; while greater for B − V colour at low metallicities. All models match the observational V − K and J − K colours well.
SUMMARY AND CONCLUSIONS
Using the 'patched' Monte Carlo simulation we reproduce the samples of binaries in BSPs, present the stellar masses, the integrated magnitudes, mass-to-light ratios and the colours involving infrared passbands for BSPs with (Model A) and without (Model B) binary interactions (BIs). The results presented in this paper are very similar to those calculated from the BSPs composed of 2 × 10 7 binaries. By comparison, we find (i) BIs make the stellar masses of BSPs smaller by the amount of ∼ 3.6-4.5 per cent during the past 15 Gyr. The absolute values of the differences in the stellar masses between Models A and B, increase with age and decreasing metallicity. (ii) BIs make the magnitudes of BSPs greater (∼ 0.18 mag at the most) except U magnitude at age τ ≤ 3 Gyr and metallicity Z ≥ 0.01. The differences in the magnitudes between Models A and B (∆X, X = BOL, U, B, ..., M ), increase with age except R, I, J, H and K magnitudes at low metallicities (Z < ∼ 0.001). The relations between the differences in the magnitudes and Z have three types: ∆BOL, ∆J, ∆H and ∆K are independent of Z; ∆U and ∆B correlate with Z and decrease with Z at low metallicities and increase with Z at high metallicities; ∆V , ∆R and ∆I correlate with Z and decrease with Z only at ages τ ≤ 10 Gyr. According to the definition of sensitive parameter (Worthey 1994), we draw a conclusion that BIs make V magnitude less sensitive to age and R and I magnitudes more sensitive to metallicity. (iii) BIs make the mass-to-light ratios of BSPs greater except those in the U and B passbands at high metallicities. The dependencies of the ∆(logm ⋆ /LX ) (X = BOL, U, B, ..., M , the difference in the ratio of stellar mass to the luminosity in X passband between Models A and B) on age and metallicity are similar to those of X magnitude on age and metallicity. (iv) At last, BIs make the integrated colours smaller except those at late ages and Z < 0.003.
Comparing 
